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(54) Method for manufacturing a silicon nitride capacitor dielectric film 



(57) A manufacturing method for a semiconductor 
device that has a capacitor electrode having a silicon 
nitride film as a capacitor dielectric film includes the 
steps of: forming a lower electrode on an interlayer die- 
lectric; and carrying out reduction and thermal nitriding 
on a specimen, on which the lower electrode has been 
formed, in an ammonia gas atmosphere in a deposition 
chamber wherein pressure has been reduced to a 
range from 533 Pa to 1333 Pa, then forming a silicon 
nitride film on the lower electrode and the interlayer die- 
lectric. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a manufac- 
turing method for a semiconductor device and, more 
particularly, to a manufacturing method for a semicon- 
ductor device provided with a capacitor on an interlayer w 
dielectric, the capacitor comprising a silicon nitride film 
serving as a capacitor dielectric film. 

2. Description of Related Art 

is 

[0002] In recent years, semiconductor memory 
devices employ silicon nitride films as capacitor dielec- 
tric films in order to increase capacitance of capacitors. 
In order to take full advantage of using silicon nitride 
films, a process for forming a silicon nitride film is some- 20 
times employed, wherein a lower electrode composed 
of a silicon type material, typically a polycrystalline sili- 
con material, is first formed on an interlayer dielectric, 
then this specimen is placed in a deposition chanter to 
be subjected to pretreatment in which the specimen is 25 
subjected to heat in an ammonia gas atmosphere in the 
deD:>s*rtion chamber, the pressure of which has been 
reduced (this pretreatment will be hereinafter referred to 
as "in-situ surface nitriding (ISN)'). Then, an ammonia 
gas and a gas for forming a silicon type thin film are 30 
introduced into the deposition chamber to form a silicon 
nitride film on the lower electrode and the interlayer die- 
lectric. The reduced pressure CVD method is employed 
as a typical method for forming the silicon nitride film 
after the ISN treatment is finished. 35 
[0003] A native oxide produced on the lower elec- 
trode is reduced and thermally nrtrided during the ISN 
treatment. Thus, a silicon nitride film by the ISN is 
formed on a surface of the lower electrode. This pro- 
vides an advantage in that a chance for,. an oxide film to 40 
be produced between the lower electrode and the sili- 
con nitride film produced by the CVD method is mini- 
mized, permitting an advantage of using the silicon 
nitride film as a capacitor dielectric film to be easily 
obtained. 45 
[0004] Generally, in the process mentioned above, 
a heat treatment known as 'healing oxidation" is carried 
out on the silicon nitride film, which has been formed, so 
as primarily to repair defects or the like of the film. 
[0005] However, according to experiments per- 50 
formed by the inventors of the present application have 
revealed that a portion of the silicon nitride film that is 
formed on the interlayer dielectric tends to be thinner 
than another portion that is formed on the lower elec- 
trode in the foregoing process including the ISN treat- 55 
ment. It has also been found that the thickness is 
considerably influenced by the degree of vacuum in a 
deposition chamber in the ISN treatment. 



SUMMARY OF THE INVENTION 

[0006] On object of the present invention is to pre- 
vent abnormal oxidization of an electrode, wiring, etc. 
under an interlayer dielectric attributable to heat treat- 
ment or the like after a silicon nitride film is formed as a 
capacitor dielectric film. 

[0007] To this end, according to the present inven- 
tion, there is provided a manufacturing method for a 
semiconductor device that has a capacitor electrode 
comprising a silicon nitride film as a capacitor dielectric 
film, including the steps of forming a lower electrode on 
an interlayer dielectric, and carrying out reduction and 
thermal nitriding on a specimen, on which the foregoing 
lower electrode has been formed, in an ammonia gas 
atmosphere in a deposition chamber wherein pressure 
has been reduced to a range from 533 Pa (4 torn 1 ton- 
is about 133.3 Pa. The same applies hereinafter.) to 
1333 Pa. The range of the pressure of 533 Pa or more 
includes any value in a range of 483 Pa or more and 
below 533 Pa, taking a margin of 50 Pa into account. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] While the specification concludes with 
claims particularly pointing out distinctly claiming the 
subject matter which is regarded as the invention, it is 
believed that the invention, the objects, features of the 
invention and further objects, features and advantages 
thereof will be better understood from the following 
description taken in connection with the accompanying 
drawings in which: 

Fig. 1 shows an example of a structure of a semi- 
conductor device. 

Fig. 2 shows an example of a structure of a capaci- 
tor. 

Fig. 3 is a process chart of a manufacturing method 
in accordance with an embodiment 
Fig. 4 is a process chart continuing from that of Fig. 
3 of the manufacturing method in accordance with 
the embodiment 

Fig. 5 shows an example of a reduced pressure 
CVD apparatus. 

Fig. 6 is a schematic representation illustrating an 
example of a parameter of the embodiment 
Fig. 7 is a schematic representation illustrating an 
example of a temperature profile of the embodi- 
ment. 

Fig. 8 is a schematic representation showing exper- 
iment results. 

Fig. 9 is a schematic representation showing exper- 
iment results. 

Fig. 10 is a schematic representation showing 
experiment results. 

Fig. 11 is a schematic representation showing a 
structure of a semiconductor device in accordance 
with an embodiment 
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Fig. 12 is another schematic representation show- 
ing a structure of a semiconductor device in accord- 
ance with an embodiment. 

Fig. 13 is a schematic representation illustrating 
experiment results. 5 
Fig. 14 is a schematic representation Illustrating 
experiment results. 

Fig. 15 is a schematic representation illustrating 
experiment results. 

Fig. 16 is a schematic representation illustrating 10 
experiment results. 

Fig. 17 is a schematic representation illustrating 
experiment results. 

Fig. 18 is a schematic representation illustrating 
experiment results. 15 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0009] Preferred embodiments of a manufacturing 20 
method for a semiconductor device in accordance with 
the present invention will be described in conjunction 
with the accompanying drawings. The drawings used for 
the description merely provide schematic illustrations to 
help understanding the present invention. In the draw- 25 
ings, like reference numerals will be assigned to like 
components, and descriptions thereof may not be 
repeated. 

[0010] Fig. 1 is a sectional view showing a semicon- 
ductor memory device 10 preferably manufactured by 30 
the manufacturing method in accordance with the 
present invention. To be more specific, Fig. 1 is a sec- 
tional view focused on a single memory cell of the sem- 
iconductor memory device 10. 

[0011] The semiconductor memory device 10 is 35 
equipped with a silicon substrate 1 1 serving as a semi- 
conductor substrate, a switching device 1 3 and an insu- 
lating film 15 for isolating devices provided on the 
substrate 11, a bit line 17 and a word line 19, which 
partly serves as a gate electrode, that are connected to 40 
the switching device 13, an interlayer dielectric 21 in 
which the foregoing components 13 through 19 are bur- 
ied, a contact hole 23 provided in the interlayer dielec- 
tric 21, a capacitor 25 provided on the interlayer 
dielectric 21 , and a wire 27 in the contact hole that con- 45 
nects the components 1 3 and 25. Reference numeral 
29 in Fig. 1 denotes a portion of a silicon nitride film 
formed on the interlayer dielectric at the same time 
when the silicon nitride film serving as a capacitor die- 
lectric film is formed. so 
[0012] The capacitor 25 is constituted by a lower 
electrode 25a, a capacitor dielectric film 25b composed 
of a silicon nitride film, and an upper electrode 25c. 
[0013] In the illustrated example, a surface of the 
lower electrode 25a is formed to be a roughened sur- 55 
face (schematically shown by circles in the drawing) in 
order to maximize a capacitance of the capacitor. Obvi- 
ously, the roughened surface is just an example, and 



dispensable. The lower electrode 25a itself is formed of 
a silicon type material, typically a doped poly crystal line 
silicon. 

[0014] A silicon nitride film serving as the capacitor 
dielectric film 25b is preferably manufactured by the 
method in accordance with the present invention which 
will be discussed hereinafter. To be more specific, as 
shown in Fig. 2, the capacitor dielectric film 25b is pref- 
erably formed to include a first silicon nitride film 25ba 
formed by the ISN treatment and a second silicon nitride 
film 25bb formed by, for example, the reduced pressure 
CVD method in this order from the lower electrode 25a. 
As previously described, the first and second silicon 
nitride films 25ba and 25bb are formed as the silicon 
nitride film 29 also on the interlayer dielectric 21 . 
[0015] The semiconductor device 10 shown in Fig. 
1 can be manufactured according to a procedure of the 
manufacturing method in accordance with the present 
invention described below. Fig. 3 and Fig. 4 show the 
steps of the procedure to describe the procedure. Fig. 5 
is a block diagram illustrating an example of a configura- 
tion of an apparatus for depositing a capacitor dielectric 
film, namely, a reduced pressure CVD apparatus or a 
hot wall type CVD apparatus in this case. Fig. 6 shows 
modes of carrying out and depositing conditions of 
embodiments and comparative examples which will be 
discussed hereinafter. To be more specific, Fig. 6 mainly 
shows an operating procedure and setting conditions of 
a main valve MV, a sub valve SV, a mechanical booster 
pump MBP, a diffusion pump DP, a flow rate controllers 
MFC 1 and 2 in the deposition apparatus shown in Fig. 
5, and the degree of vacuum (a pressure at the position 
of a pressure gauge PM) of a deposition chamber R. 
Fig. 7 shows an example of depositing conditions when 
the present invention is applied, especially of a temper- 
ature profile of a specimen observed during a deposi- 
tion process. 

[0016] First, an FET serving as a switching device 
and the insulating film 15 for isolating devices are 
formed on the semiconductor substrate 1 1 by a known 
method. Then, the bit line 17 and the word line 19 are 
formed by a known method. 

[0017] Next, the switching devices 13, etc. are cov- 
ered with the interlayer dielectric 21. As the interlayer 
dielectric 21, a BPSG film for example, is employed. 
Then, a contact hole 23 for exposing one source-drain, 
region of the switching device 13 is formed in a part of 
the interlayer dielectric 21 by a known method. 
[0018] Subsequently, the wire 27 is formed in the 
contact hole 23 by a known method as shown in Fig. 3A. 
[0019] In the following step, a doped polycrystalline 
silicon film (including a roughened surface polycrystal- 
line silicon) 25x is formed as a lower electrode forming 
thin film on the interlayer dielectric 21 as shown in Fig. 
3B. The formed polycrystalline silicon film is patterned 
according to a configuration of the lower electrode so as 
to produce the lower electrode 25a as shown in Fig. 3C. 
[0020] Furthermore, the foregoing specimen is 
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placed in a deposition chamber (not shown). With the 
deposition chamber filled with an ammonia gas and in a 
reduced pressure state, a temperature in the deposition 
chamber or a temperature of the specimen is gradually 
raised. As shown in Fig. 6, the temperature in the depo- 5 
sition chamber or the temperature of the specimen is 
gradually increased while gradually increasing the 
degree of vacuum in the deposition chamber from an 
order of 10 2 Pa toward 533 Pa, although this is not the 
only one method. As shown in Rg. 7, for instance, the w 
temperature is raised in 100°C/min. increments. When 
the temperature in the deposition chamber reaches a 
sufficiently high level for thermal nitriding (in a range of 
840 to 860 degrees Celsius, e.g. about 850 degrees 
Celsius, although the temperature is not limited 15 
thereto), the degree of vacuum in the deposition cham- 
ber is set at a suitable value of 533 Pa or more (e.g. 533 
Pa). This condition is maintained for a predetermined 
period of time to perform the ISN treatment. Preferably, 
the ISN treatment time is longer than a time that has 20 
been experimentally determined in advance. This will 
be described in more detail in conjunction witn a third 
embodiment. 

[0021] The ISN treatment causes the lower elec- 
trode 25a to be reduced and thermally nitrided, so that 25 
even if a native oxide is produced on a surface of the 
lower electrode 25a, the native oxide will turn Into the 
silicon nitride film 25ba (see Rg. 2) attributable to the 
ISN treatment 

[0022] Then, the temperature in the deposition 30 
chamber is lowered to a level suited for CVD, to a range 
of 650 to 700 degrees Celsius, e.g. to about 690 
degrees Celsius, although it is not limited to this temper- 
ature. Under this condition, an ammonia gas and 
SiH 2 CI 2 are supplied into the deposition chamber. A 35 
flow ratio of the ammonia gas to SiH 2 Cl2 » set to 1 :1 to 
1:6, e.g. 1:5, taking dichlorosilane (SiH 2 CI 2 ) as 1, 
although the ratio is not limited thereto. This condition is 
maintained for a predetermined period of time. The 
pressure in the deposition chamber at this time is set to 40 
a degree of vacuum ideaJIy suited for deposition, rang- 
ing from 1 3.3 to 27 Pa, e.g. 20 Pa, although it is not lim- 
ited thereto. In this treatment, the silicon nitride film 
25bb (see Rg. 2) from the reduced pressure CVD is 
formed on the silicon nitride film 25ba (see Rg. 2) from 45 
the ISN treatment This completes the formation of the 
silicon nitride film 25b as the capacitor dielectric film 
(see Rg. 4A). 

[0023] After completion of the formation of the sili- 
con nitride film, the deposition chamber is gradually so 
cooled, and the specimen is taken out of the deposition 
chamber. 

[0024] Next, to repair film defects of the silicon 
nitride film 25b, the specimen is subjected to healing 
oxidization. The healing oxidization is carried out at 850 55 
degrees Celsius for 30 minutes in a wet oxygen atmos- 
phere, although the condition is not limited thereto. 
[0025] In the next step, as a thin film for forming the 



upper electrode, a doped polycrystalline silicon film 25y, 
for example, is formed on the specimen, which has 
been subjected to the healing oxidization, as shown in 
Rg. 4B, then the film is patterned to a configuration of 
the upper electrode. Thus the upper electrode 25c is 
formed as shown in Rg. 4C. 

[0026] When all the above steps have been imple- 
mented, a major section of the semiconductor memory 
device in which each memory ceil is constructed by a 
capacitor and a transistor is completed. 
[0027] The present invention will now be described 
in more detail in conjunction with embodiments. 

1 . Rrst Embodiment (Experiments on the degree of vac- 
uum in a deposition chamber for the ISN treatment) 

[0028] Rrst, the degree of vacuum in the deposition 
chamber for ISN treatment is set to three different lev- 
els, namely, 160 Pa, 533 Pa, and 800 Pa, the remaining 
conditions such as ISN treatment time, treatment condi- 
tions, CVD deposition time, and depositing conditions 
being all the same. Semiconductor devices are fabri- 
cated at the three different degrees of vacuum accord- 
ing to the procedure described above. More specifically, 
the pressure in the deposition chamber at the time of 
the ISN treatment in step 5 of the depositing conditions 
of Rg. 6 is set to 160 Pa, 533 Pa, and 800 Pa, respec- 
tively, so as to fabricate the semiconductor devices 
under three different levels of vacuum. 
[0029] Then, the film thicknesses of the silicon 
nitride films 25b formed on the lower electrodes 25a of 
the respective specimens produced under three differ- 
ent levels of vacuum are measured. The thicknesses of 
oxide films produced on the surfaces of the silicon 
nitride films 25b by healing oxidization are also meas- 
ured. 

[0030] The measurement results are shown in Rg. 
8. In Rg. 8, the axis of abscissa indicates the degree of 
vacuum in the deposition chamber during the ISN treat- 
ment, the left axis of ordinates indicates the film thick- 
ness of the silicon nitride film 25b formed on the lower 
electrode 25a, and the right axis of ordinates indicates 
the film thickness of an oxide film or a healing oxide film 
produced on the surface of the silicon nitride film 25b 
during the healing oxidization. The bar graphs provide 
data regarding the film thicknesses of the silicon nitride 
films, and the line charts provide data regarding the film 
thicknesses of the healing oxide films. 
[0031] As can be seen from Rg. 8, when the pres- 
sure in the deposition chamber for the ISN treatment is 
set at 1 60 Pa, 533 Pa, and 800 Pa, respectively, the sil- 
icon nitride films of approximately the same film thick- 
nesses, namely, 5.45 nm, 5.47 nm, and 5.54 nm, are 
formed on the lower electrodes 25a. It is also under- 
stood that the healing oxide films at the different levels 
of vacuum are all thin, sharing a similar film thickness, 
namely, 1.30 nm, 1.28 nm, and 1.27 nm. Hence, it can 
be concluded within the scope of the experiments that 
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the film thickness and resistance to oxidization of the sil- 
icon nitride film formed on the lower electrode is not 
influenced by the degree of vacuum in the deposition 
chamber at the time of the ISN treatment. 
[0032] Furthermore, regarding the specimens fabri- 5 
cated at the three vacuum levels, the film thickness of 
the silicon nitride film 25b formed on the interlayer die- 
lectric 21 , and the film thickness of an oxide film pro- 
duced on the surface of the silicon nitride film 25b due 
to the healing oxidization are measured. io 
[0033] The measurement results are shown in Fig. 
9. In Fig. 9, the axis of abscissa indicates the degree of 
vacuum in the deposition chamber during the ISN treat- 
ment, the left axis of ordinates indicates the film thick- 
ness of the silicon nitride film 25b formed on the is 
interlayer dielectric 21 , and the right axis of ordinates 
indicates the film thickness of an oxide film or a healing 
oxide film produced on the surface of the silicon nitride 
film 25b during the healing oxidization. The bar graphs 
provide data regarding the film thicknesses of the silicon 
nitride films, and the line charts provide data regarding 
the film thicknesses of the healing oxide films. 
[0034] As can be seen from Fig. 9, when the pres- 
sure in the deposition chamber during the ISN treat- 
ment is set to 1 60 Pa, 533 Pa, and 800 Pa, respectively, 
silicon nitride films having thicknesses of 2.0 nm, 3.1 
nm, and 3.2 nm, respectively, are formed on the lower 
electrode 25a. This means that, at the degrees of vac- 
uum of 533 Pa or more in the deposition chamber, the 
film thickness is approximately the same (3.1 to 3.2 nm), 
and silicon nitride films that are 1 .5 times as thick as the 
silicon nitride film produced at 1 60 Pa. The thicknesses 
of the healing oxide films at the different levels of vac- 
uum are 56 nm, 1 .35 nm, and 1 .57 nm. This means that, 
at levels of 533 Pa or more in the deposition chamber, 
the thicknesses of the healing oxide films are approxi- 
mately the same (1.3 to 1.5 nm), and are only about 
1/56 of the thickness of the healing oxide film produced 
at 1 60 Pa. 

[0035] In another experiment carried out with the 
degree of vacuum in the deposition chamber set at 400 
Pa, the film thickness of the silicon nitride film formed on 
the interlayer dielectric was approximately 2.3 nm. This 
thickness and the foregoing film thicknesses, namely, 
2.0 nm, 3.1 nm, and 3.2 nm, are plotted in relation to the 
degree of vacuum in the deposition chamber during the 
ISN treatment. The plotting result reveals a relationship 
as shown in Fig. 1 0. 

[0036] Fig. 11 and Fig. 12 are schematic diagrams 
of scanning electron microscope photos showing a wir- 
ing portion of the interlayer dielectric of each device fab- 
ricated at a vacuum degree in the deposition chamber 
during the ISN treatment set at 533 Pa and each device 
fabricated at 160 Pa. Both photos are focused on a 
neighborhood of the word line 19. From the photo Fig. 55 
12, it has been found that, when the degree of vacuum 
is set at 160 Pa, the word line or the polycrystalline sili- 
con wire in the interlayer dielectric is also oxidized, and 
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an abnormal oxide film 1 9x is produced. 
[0037] Based on the experiment results described 
above, it can be concluded that, by setting the vacuum 
degree in the deposition chamber during the ISN treat- 
ment at 533 Pa or more, a silicon nitride film that is 
thicker and features higher resistance to oxidization 
than the one formed at a vacuum degree below 533 Pa 
can be formed. 

2. Second Embodiment (Experiment on electrical char- 
acteristics such as a capacitance of a capacitor) 

[0038] Under the condition where the degree of 
vacuum in the deposition chamber during the ISN treat- 
ment is set to 533 Pa, devices having capacitor dielec- 
tric films of four different film thicknesses, namely, 5.0 
nm, 5.5 nm, 6.0 nm, and 70 nm, according to the man- 
ufacturing procedure described in conjunction with the 
foregoing embodiment In addition, a device having a 
capacitor dielectric of a 7.0- nm film thickness is manu- 
factured at a degree of vacuum of 1 60 Pa in the deposi- 
tion chamber during the ISN treatment The 
capacitances of the capacitors of these five specimen 
devices are measured. The measurement results are 
shown in Fig. 13. 

[0039] As can be seen from Fig. 13, the four speci- 
men devices produced at 533 Pa provide appropriate 
capacitances of capacitors according to the individual 
film thicknesses. The capacitances of the capacitors of 
two devices manufactured with the degree of vacuum in 
the deposition chamber set at 1 60 Pa and 533 Pa for the 
ISN treatment are almost the same, namely, about 20 
f F. These measurement results indicate that increasing 
the degree of vacuum in the deposition chamber during 
the ISN treatment does not affect the capacitances of 
capacitors. Furthermore, as mentioned previously, 
increasing the pressure improves resistance to oxidiza- 
tion. Hence, the capacitor dielectric film or the silicon 
nitride film can be made thinner, enabling the capaci- 
tance of the capacitor to be increased. 
[0040] Wire resistances (ft/a) of the lower elec- 
trodes in the five different specimen devices manufac- 
tured in the second embodiment are measured, the 
measurement results being shown in Fig. 1 4. All the five 
specimen devices exhibit values of about 12.9 Qto. This 
means that increasing the degree of vacuum in the dep- 
osition chamber for the ISN treatment does not affect 
the lower electrodes. 

[0041] Further, under the same conditions, a hold 
time test is conducted on the five specimen devices 
manufactured in the second embodiment. Acceptance 
rates of the devices are computed, the results being 
shown in Fig. 15. 

[0042] As can be seen from Fig. 15, when the 
degree of vacuum in the deposition chamber is set to 
533 Pa for the ISN treatment, and the thickness of the 
silicon nitride film 25b is set to 5.0 nm, 5.5 nm, 6.0 nm, 
and 7.0 nm, respectively, the acceptance rates in the 
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hold time test of all the specimen devices are around 
95%. In contrast, when the degree of vacuum in the 
deposition chamber for the ISN treatment is set to 160 
Pa, and the thickness of the silicon nitride film 25b is set 
to 7.0 nm, as a comparative example, the acceptance 
rate in the hold time test is around 83%, which is about 
12% lower than that of the embodiment. Therefore, the 
manufacturing method for a semiconductor device in 
accordance with the present invention also provides an 
advantage of reducing hold time defects. 
[0043] In the manufacturing method for a semicon- 
ductor device in accordance with the present invention, 
the degree of vacuum in the deposition chamber at the 
time of the ISN treatment is set higher than that in the 
conventional method (160 Pa). Hence, more ammonia 
gas is contained in the ISN treatment atmosphere as 
compared with the conventional method, so that the vol- 
ume of hydrogen generated when the ammonia gas is 
decomposed is likely to increase accordingly. Thus an 
annealing effect by the hydrogen can be expected to 
work on the specimens. 

[0044] Moreover, since the film thickness of a por- 
tion of the silicon nitride film that is formed on the inter- 
layer dielectric can be increased, making it possible to 
control a phenomenon of out diffusion wherein impuri- 
ties contained in the interlayer dielectric diffuse out 



3. Third Embodiment (Experiments on ISN treatment 
time) 

[0045] The following will describe a relationship 
between an ISN treatment time and the thickness of a 
silicon nitride film formed on an interlayer dielectric. 
[0046] Four specimen devices are prepared 
according to the procedure descrtoed in the above 
embodiments under four different conditions or ISN 
treatment times, namely, 30 minutes, 60 minutes 90 
minutes, and 120 minutes, respectively, the degree of 
vacuum in the deposition chamber for the ISN treatment 
being set at 1 60 Pa. The time spent for the GVD follow- 
ing the ISN treatment is set to a time required for a 5 5- 
nm silicon nitride film to be grown on a test silicon wafer 
placed in the deposition chamber. 
[0047] The film thicknesses of the silicon nitride 
films 25b on the interlayer dielectrics in the four speci- 
men devices produced under the conditions described 
above are measured. The measurement results are 
shown in Fig. 16. 

[0048] As can be understood from Fig. 1 6, when the 
ISN treatment time exceeds 90 minutes, the film thick- 
ness of the silicon nitride film formed on the interlayer 
dielectric is about 3.0 nm regardless of the value of the 
ISN treatment time. Furthermore, it is possible to form 
silicon nitride films that are thicker than those produced 
when the ISN treatment time is shorter than 90 minutes 
Hence, when silicon nitride films are formed using the 
ISN treatment time as a parameter, it is meaningful, for 
forming a thicker silicon nitride film on the interlayer die- 



lectric, to check beforehand a pretreatment time 
required for the film thickness of a portion of the silicon 
nitride film formed on the interlayer dielectric to reach 
saturation, and to set a time longer than the saturation 
5 time (90 minutes in the example shown in Fig 1 6) as the 
ISN treatment time. 

[0049] The healing oxide films of two (30-minute 
and 90-minute ISN treatment times) out of the four 
specimen devices will now be discussed. More specifi- 
io calry, regarding these two specimen devices, the thick- 
nesses of the healing oxide films produced in the silicon 
nitride film portions on the lower electrodes after the sil- 
icon nitride films have been subjected to healing oxidi- 
zation are measured. 
is [0050] The measurement results are shown in Fig. 
17 and Rg. 18. Wherein the thicknesses of siDcon 
nitride films are also shown. Rg. 17 provides data 
regarding the thicknesses of silicon nitride films on the 
lower electrodes and the thicknesses of healing oxide 
20 films, while Rg. 18 provides data regarding the thick- 
nesses of silicon nitride films on the interlayer dielectrics 
and the thicknesses of healing oxide films. In both 
charts, the axis of abscissa indicates the ISN treatment 
time, the left axis of ordinates indicates the thickness of 
25 the silicon nitride film, and the right axis of ordinates 
indicates the thickness of the healing oxide film. The bar 
graphs provide data regarding the film thicknesses of 
the silicon nitride films, and the line charts provide data 
regarding the film thicknesses of the healing oxide films. 
30 [0051] As can be seen from Rg. 17, the values of 
the thicknesses of the healing oxide films on the lower 
electrodes are nearly the same irrespective of the ISN 
treatment time. However, on the interlayer dielectric, as 
can be understood from the Rg. 1 8, the thickness of the 
35 healing oxide film produced when the ISN treatment 
time is 30 minutes is 56 nm, while the thickness is 
approximately 1.0 nm, which is only 1/56 of the former, 
meaning improved resistance to oxidization, when the 
ISN treatment time is 90 minutes. 
40 [0052] Thus, it has been found that, in order to also 
improve the resistance of the silicon nitride films to oxi- 
dization, the ISN treatment time should be set to a pre- 
determined time (90 minutes in the example of Rg. 1 6) 
or longer 

45 [0053] While the present invention has been 
described with respect to what is presently considered 
to be the preferred embodiments, it is to be understood 
that the invention is not limited to the disclosed embod- 
iments. To the contrary, the invention is intended to 

so cover various modifications and equivalent arrange- 
ments included within the spirit and scope of the inven- 
tion. 

[0054] For instance, a semiconductor device to 
which the manufacturing method of the present inven- 
55 tion is applicable is by no means limited to the device 
discussed in conjunction with Rg. 1 . The manufacturing 
method of the invention can be extensively applied to 
the manufacture of semiconductor devices provided 
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with capacitors on interlayer dielectrics, the capacitors 
employing silicon nitride films as capacitor dielectric 
films. 

[0055] Furthermore, in the above descriptions, 
SiH 2 CI 2 has been used, together with the ammonia gas, 5 
as the gas tor forming a silicon type thin film. The gas for 
forming the silicon type thin film, however, is not limited 2. 
thereto; other suitable gases may be used instead. 
[0056] In addition, in the above descriptions of the 
examples, the reduced pressure, hot wall type CVD 10 
apparatus has been used as the apparatus for imple- 
menting the ISN treatment and the apparatus for form- 
ing the silicon nitride films. The apparatus, however, is 3. 
not limited thereto, and a nitriding furnace having the 
same structure as that of a high-pressure oxidizing fur- is 
nace or a cold wall type rapid thermal processing (RTP) 
apparatus or rapid thermal nitride apparatus may be 
used to obtain the same advantages as those effected 
by the foregoing embodiments. 

[0057] As is obvious from the above descriptions, in 20 
order to fabricate a semiconductor device provided with 
a capacitor on an interlayer dielectric, the capacitor hav- 
ing a silicon nitride film as a capacitor dielectric film, the 
manufacturing method for a semiconductor device in 
accordance with the present invention includes the 25 
steps of: forming a lower electrode composed of a sili- 
con type material on an interlayer dielectric, placing a 
specimen on which the lower electrode has been 
formed in a deposition chamber to perform pretreatment 
in which heat is applied to the specimen in the deposi- 30 
tion chamber wherein pressure has been reduced an 
ammonia gas atmosphere has been set, then introduc- 4. 
ing an ammonia gas and a gas for forming a silicon type 
thin film into the deposition chamber to form a silicon 
nitride film on the lower electrode and the interlayer die- 35 
lectric, wherein a degree of vacuum in the deposition 
chamber at the time of the pretreatment is set to 533 Pa 5. 
or more, and a time for the pretreatment is set to be 
longer than the aforesaid saturation time. 
[0058] Hence, the a portion of the silicon nitride film 40 
that is formed on the interlayer dielectric can be made 6. 
thicker, so that the oxidization resistance of the silicon 
nitride film on the interlayer dielectric is improved. This 
makes it possible to prevent abnormal oxidization of 
wires under interlayer dielectrics at the time of healing 45 7. 
oxidization after silicon nitride films are formed. 

Claims 

1. A manufacturing method for a semiconductor so 8. 
device that has a capacitor electrode having a sili- 
con nitride film as a capacitor dielectric film, com- 
prising the steps of: 



been formed, in an ammonia gas atmosphere 
in a deposition chamber wherein pressure has 
been reduced to a range from 533 Pa to 1333 
Pa, then forming a silicon nitride film on said 
lower electrode and said interlayer dielectric. 

The method according to claim 1 , wherein a time for 
carrying out said reduction and thermal nitriding is 
longer than a film thickness saturation time of said 
silicon nitride film formed on said interlayer dielec- 
tric. 

A manufacturing method for a semiconductor 
device that has a capacitor electrode having a sili- 
con nitride film as a capacitor dielectric film, com- 
prising the steps of: 

forming a lower electrode on an interlayer die- 
lectric; and 

carrying out reduction and thermal nitriding on 
a specimen, on which said lower electrode has 
been formed, in an ammonia gas atmosphere 
in a deposition chamber wherein pressure has 
been reduced, then forming a silicon nitride film 
on said lower electrode and said interlayer die- 
lectric, 

wherein a time for carrying out said reduction 
and thermal nitriding is longer than a film thick- 
ness saturation time of said silicon nitride film 
formed on said interlayer dielectric. 

The method according to any of the claims 1 to 3, 
further comprising a step of subjecting the speci- 
men, on which said silicon nitride film has been 
formed, to heat treatment 

The method according to any of the claims 1 to 3, 
wherein said lower electrode is formed of a silicon 
type material. 

The method according to claim 5, wherein polycrys- 
talline silicon is employed as a silicon type material 
composing said lower electrode. 

The method according to any of the claims 1 to 3, 
wherein an ammonia gas and a gas for forming a 
silicon type thin film are used for forming said sili- 
con nitride film. 

The method according to claim 7, wherein dichlo- 
rosilane (SiH 2 CI 2 ) is used as said gas for forming a 
silicon type thin film. 



forming a lower electrode on an interlayer die- 
lectric; and 

carrying out reduction and thermal nitriding on 
a specimen, on which said lower electrode has 
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FIG. 10 
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